For the elucidation of many of the problems of the nature and mode of action of staphylocoagulase, preparations of high biological activity and purity are essential. Preliminary studies along these lines have been reported in the literature.3 11,15 Thus, it has been shown that coagulase may be precipitated by alcohol, by acids, and by halfsaturation with ammonium sulfate. Walston, using 10 volumes of 96 per cent ethanol, found that such purified coagulase, contrary to the behavior of the original material, was dialyzable through a cellophane membrane. Smith and Hale attempted distillation at 600 to 70°C. under reduced pressures and obtained ten-fold concentration and some purification.
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The present report describes the methods which have made possible far greater concentration and purification of coagulase than have hitherto been attained. Products have been prepared as much as one thousand times more active than the original material, and 300-to 400-fold purification has been feasible. The nature and the properties of coagulase are considered.
Materials and methods
Cultivation of the organism. Hemolytic Staphylococcus aureus, No. 104, isolated from a cutaneous abscess, was used throughout. The staphylococci were maintained on extract agar slants, and from these, heavy inocula were introduced into Rosenau brain-heart infusion broth (Difco) to which a mixture of ions, previously described,13 had been added. Either distilled or tap water was used in the preparation of the medium, the latter often yielding higher titers. After 3 to 6 hours of incubation, 10 to 15 per cent by volume of the seed cultures was inoculated into 1-liter Blake bottles containing about 175 ml. of the same medium. Although larger containers and volumes were also used, initial coagulase titers often proved disappointing, and the far more tedious procedure of dividing the medium among many Blake bottles was usually selected. The cultures were incubated at 350 to 37°C. for from 4 to 6 days, depending on the maximal elaboration of coagulase in the cell-free supernatant broth.
Titration of coagulase, standardization of plama. The procedures previously described have been followed.13
Nitrogen determinations were carried out by the micro-Kjeldahl technique.* Tyrosine determinations were done by the method of Folin and Ciocalteu,4 with the addition of copper,5 using a Coleman Universal Spectrophotometer for the readings. In applying this test, it was found that ammonium sulfate, up to 25 per cent saturation, does not interfere with the color of the tyrosine blanks. However, similar concentrations of ammonium sulfate added to the material under examination leads to a significant reduction in the blue color, thereby invalidating the reading unless ammonium sulfate is removed by dialysis.
Technique of concentration and partial purification. The following scheme may be considered as representative, although other conditions, presented under "Results" were also tested.
Step 9 by the cautious addition of NaOH.
Step 2. The end-product of Step 1 was acidified to a pH of 6.5. Three volumes of 95 per cent ethanol were then added through a capillary jet, with constant stirring, at a temperature of the methyl cellusolve bath maintained at -5 C. Efforts were made to add the alcohol sufficiently slowly to keep the temperature of the solution at 0°C. or below at all times. The precipitate was allowed to settle for from 12 to 24 hours at -5 'C., the supernatant akohol was discarded, and the precipitate separated by centrifugation at the same temperature. It was washed once, using the same concentration of alcohol at the same pH as was employed in the precipitation. After draining off as much alcohol as possible in the cold, the precipitate was resuspended in the phosphate buffers as before, and brought to a final pH of about 8.2. Step 3. To the end-product of Step 2, ammonium sulfate crystals were added to about 8 to 12 per cent saturation. The precipitate was allowed to form in the cold for 12 to 24 hours, and was discarded after centrifugation in the cold.
Step 4. The slightly colored and turbid supernatant solution of Step 3 was chilled, the pH adjusted to 6.5 to 7, and treated with 1 volume of 95 per cent ethanol, observing the same precautions as described in Step 2. The precipitate was again allowed to form in the cold for from 12 to 24 hours, the supernatant alcohol and one alcohol washing were removed by centrifugation, and the precipitate was redissolved in the phosphate buffer at a pH of 8.2 as previously.
Step 5. To the end-product of Step 4, ammonium sulfate crystals were added to a final saturation of about 10 or 15 per cent, and after the usual incubation in the cold, the precipitate was again removed by centrifugation and was discarded.
Step 6. Step 7. The final product was dialyzed against many changes of distilled water, until essentially negative to Nessler's reagent. It was then lyophilized and stored as a powder in a desiccator.
Results
The purification of coagulase, illustrated in Table 1 , followed in the main the procedure outlined above. In this experiment, a balance of volumes and titers was kept in order to determine the coagulase yield and disclose the points at which coagulase was lost. The recovery of coagulase was about 50 per cent. However, the loss incurred does not represent denaturation, since most of it may be accounted for in the coagulase activity of discarded materials. For example, 10 per cent was lost in the supernatant solution after the initial acid precipitation, while an additional 10 per cent was sacrificed with the poorly soluble sediment (also discarded) which was separated from the solution after the acid precipitate was reconstituted in the phosphate buffer. Calculated on the basis of coagulase units per mg. of tyrosine, a 250-fold purification has been accomplished, while, on the basis of nitrogen, the factor is 365. Intermediate values of tyrosine which had been determined are not reliable, since the ammonium sulfate was not removed by dialysis. The final product is water clear to slightly opalescent and will dissolve in a small volume to effect a concentration of coagulase so that it is active in a dilution of one part in several million. The purified material contains from 14 to 16 per cent nitrogen.
In selecting the procedures for the concentration and purification of coagulase, various alternative conditions were explored, and the chief findings will be summarized.
Acid precipitation. To determine the isoelectric point of coagulase as it exists in brain-heart infusion broth, aliquots were adjusted with 0. Table 5 for 22 hours at 37°C. All solutions were adjusted to neutrality before the titrations were carried out. It will be seen that coagulase was most stable at pH levels of 4.5 to 7, while marked deterioration occurs on the alkaline side. (Table 6 ). Effect of cysteine and thioglycollate. Sodium thioglycollate 0.05 per cent in saline at a pH of 6.8 did not exert any significant effect on the stability of coagulase during an observation period of 24 hours at 37°C. Cysteine, however, under the same conditions, retarded the deterioration of coagulase when compared to the effect of saline alone, so that from 1/2 to 1/3 of the activity was still preserved after 24 hours incubation at 370C.
Efect of ascorbic acid and of oxidizing agents (superoxol). In sharp contrast to cysteine and thioglycollate, ascorbic acid (Cevalin, Sodium salt, Lilly) at appropriate concentrations exerts a strikingly deleterious effect on coagulase (Table 7) . Appropriate concentrations of superoxol similarly inactivate coagulase. Since it has been suggested that ascorbic acid breakdown may lead to the formation of peroxides," 7 cysteine was added to an ascorbic acid coagulase mixture, and was found to block the rapid loss of coagulase activity. Serum or plasma also interfered with the action of ascorbic acid on coagulase. Qualitative carbohydrate tests on unhydrolyzed material were either negative or doubtfully positive. Thus, the Molisch ring test was negative, while after standing and mixing, the faintest trace of purple color developed, comparable to that of M/2500 glucose. The Bial test was negative, while the qualitative carbazol reaction gave the faintest possible trace.
To obtain further evidence of the nature of coagulase, purified material was subjected to the action of several enzymes: crude papain,* crystalline trypsin* and chymotrypsin,* streptokinase and human plasma fraction III-3-1, and to calf thymus peptidase.* It is seen ( Table  9 ) that trypsin and chymotrypsin were most effective, followed by activated lysin (III-3-1), while papain and calf thymus peptidase were inert during the period of observation. III-3-1: Dept. of Physical Chemistry, Harvard Medical School, human plasma lysin, 0.4 mg./ml.
The question of the nature of coagulase action, enzymic or otherwise, has been approached by a study of the velocity of the reaction, of the susceptibility of other substrates to the action of coagulase, and of the ability to recover coagulase after it partakes in the clotting of plasma. Observations of the coagulase-plasma interaction (Table 10) , when the latter is free of neutralizing or inhibitory substances, indicate that the reaction proceeds stoichiometrically, so that these coagulase titers and time intervals plotted against each other would fall on essentially a straight line. Substrates of a protein nature, such as casein, fibrin, gelatin, or egg albumin, were mixed with coagulase and incubated together for various intervals of time. No gross evidence of action on these substances was observed.
Finally, attempts were made to determine quantitatively the extent to which coagulase is used up in its reaction with plasma. Accordingly, plasma clots were broken up, and aliquots of the fluid retitrated with fresh plasma. This procedure was repeated four successive times, without significant reduction of coagulase activity. At the fifth transfer, however, a quarter of the coagulase activity was lost.
Discussion
The first requirement for the production of coagulase preparations of high activity and purity is the selection of a strain which may yield high initial titers, such as 1 However, these preparations were not crystalline, and therefore the possibility was not entirely excluded that other enzymes known to contaminate such preparations, such as lipases and amylases,12 were actually involved in the inactivation of coagulase. In the present study, however, crystalline trypsin and chymotrypsin rapidly inactivated coagulase, while proteolytic enzyme of plasma (Fraction III-3-1) acts similarly. It is of some interest that a peptidase, a calf thymus preparation, was without effect. Of other properties, the susceptibility of coagulase to ascorbic acid and to oxidizing agents is similar to the behavior of several viruses or toxins. 7 8 Whether coagulase itself functions as an enzyme is a matter of controversy. The enzymic nature of coagulase-plasma reaction has recently been challenged14 on the basis of 2 characteristics: the stoichiometric nature of the coagulase-plasma reaction, in accord with present experience, and the heat stability of coagulase, even to autoclaving at 120°C. It does not seem that these criteria are conclusive, since under certain conditions of enzyme and substrate concentration, the reaction may proceed stoichiometrically,12 and relatively heat stable enzymes have been discovered, such as crystalline ribonuclease and purified horseradish peroxidase."2 Furthermore, present studies have shown that purified coagulase is actually quite thermolabile. On the other hand, the fact that coagulase is not used up in its reaction with the plasma substrate and may be quantitatively recovered after 4 successive reactions, only then to lose some activity, is not inconsistent with its possible enzymic nature. The solution of this problem awaits further data, particularly in the direction of exploration of other possible substrates for susceptibility to coagulase action.
The purified coagulase which has been prepared is not electrophoretically homogeneous, since two mobile components have been observed. However, it makes possible concentration of the material to a very high order of biological activity, so that solutions diluted by 1 to 2 million still clot standardized plasma in 24 hours at 370C. The clotting of plasma by such preparations is fully as rapid as is the coagulation brought about by suitable thrombin-fibrinogen reactions. Thus, one coagulase product, which had a titer of 1:1,310,720, clotted human plasma at 37°C. in 3 to 4 seconds.
Preliminary observations have indicated that mice will tolerate a considerable dose of coagulase intraperitoneally. Rabbits injected subcutaneously have shown only minimal local erythema and edema, without necrosis, and have survived. When large doses of coagulase were injected intravenously, in sufficient quantity to allow the demonstration of coagulase in the blood of the animal, rapid death ensued. Whether this was due to coagulase, or to impurities, has not been determined. Further studies are in progress on various phases of the in vivo activity of purified coagulase, including the controversial problem of its antigenicity.
